This paper presents the use of spatially resolved oblique-incidence diffuse reflectance spectroscopy for skin cancer diagnosis. Spatio-spectral data from 166 pigmented skin lesions were collected for the wavelength range from 455 to 765 nm. A set of neural network based classifiers separates the pigmented malignant melanomas from the benign and dysplastic subgroups. A total of 110 lesions were used as the training set and 56 lesions were used as the testing set. This classifier performs with an overall 100% sensitivity and 92% specificity for the training set and 100% sensitivity and 88% specificity for the testing set. The second classifier was designed to separate the benign from the dysplastic subgroups. For the second classifier a total of 100 lesions were used as the training set and 51 lesions were used as the testing set. The overall classification rates were 94% and 88% for the training and testing sets respectively.
INTRODUCTION
Recent advancement in biomedical optics has revealed that the optical properties of human epithelial tissues are linked to certain critical physiological parameters of their cancer states [1] [2] [3] [4] . Therefore, developing and applying novel optical sensing or imaging techniques to capture and process these optical parameters is expected to have profound medical significance in the diagnosis of various epithelial cancers. Skin cancer is the most common form of cancer, with about a million new cases estimated in the U.S. each year. Melanoma is the most serious type of skin cancer and is the leading cause of death among the skin diseases. Melanoma develops in the cells that produce melanin (melanocytes). The American Cancer Society estimates that every year there are more than 62,000 new cases of melanoma and about 8,400 people are expected to die of this disease in the United States. 5 Early detection is a key factor for successful treatment of skin cancer. Our previous studies have shown that Oblique Incidence Diffuse Reflectance Spectrometry (OIDRS) as an effective tool to separate carcinoma skin cancer lesions from benign keratoses. 6 In clinical practice, dermatologists use the ABCD rule (asymmetry, border, color and diameter) and change in the appearance of a mole or pigmented area, to spot suspicious skin lesions. After the skin check a skin biopsy is preformed for assessing whether the pigmented lesion is benign or malignant. Dysplastic nevi are atypical moles with architectural and/or cytological disorder. Depending of the degree of atypia, dysplastic nevi are mild moderate or severe. Researchers believe that dysplastic nevi are more likely than ordinary moles to develop into a melanoma. 7 Actinic keratosis, seborrheic keratosis, compound and junctional nevi are common types of benign skin lesions.
EXPERIMENTAL SETUP
A halogen lamp is used as the light source. The optical multiplexer allows the light delivery through only one source fiber at a time to the area of interest. Once delivered to the skin, the incident light interacts with the medium and the diffuse reflectance is collected by the collection optical fibers. The collection fibers are coupled with the imaging spectrograph that generates an optical spectrum for each fiber. The CCD camera collects the spatially resolved diffused reflectance for the wavelength range from 455 to 765 nm. Finally the information is storage in a personal computer for further analysis (Fig. 1) . The probe consists of 5 source fibers and two linear arrays of twelve collection fibers within an area 2×2mm 2 ( Fig. 2 ) Fig. 1 . System setup. 
EXPERIMENTAL RESULTS
The data collection was performed at the University of Texas M.D. Anderson Cancer Center in Houston. First, the physician would identify the lesion(s) of interest scheduled for biopsy. The measurement from each lesion was repeated four times, the probe was repositioned to obtain images from different locations and orientations to average out the effect of structural anisotropy. This process was repeated for the neighboring healthy skin. The spatially resolved . The initial set of features is based on the wavelet transform and selected using the fisher distance between the two classes as a separability messurement. 6 An artificial neural network based classifier is combined with a genetic algorithm to maximize the classification rate. Two thirds of the data set is used for training and one third is use for testing. A total of 110 lesions were used for training and 56 lesions were used for testing. As shown in Fig. 3 . This classifier for the training data set performs with 100% sensitivity and 92% overall classification rate specificity. The Fig. 4 shows the scatter plot for the testing set with sensitivity of 100% and a specificity of 88%. A second classifier is designed to distinguish the benign common nevi actinic keratosis and seborrheic keratosis from mild, moderate and severe dysplastic nevi. A total of 100 lesions were used for training and 51 lesions were for testing. The overall classification rates are 94% for the training set and 88% for the testing set. 
CONCLUSION
An oblique incidence diffuse reflectance spectroscopy system has been proved to be an effective tool to differentiate pigmented benign, dysplastic, and malignant skin lesions. These results are highly promising and indicate that this approach, successfully used on skin, can potentially be used for other epithelial types of cancers.
